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1. General Introduction

Wetlands and agriculture are closely hinked together, dating back to the prehistoric
period. Both these systems are greatly influenced by mankind because of its high biodiversity
and special environments, which human being relay on. Available evidence suggests that
human settlements started in and around the wetlands, long before humans leamed 1o grow
food and they depended, at least partly on wetlands for their sustenance, Globally wetlands
cover an area of about 530 million hectares, of which 78% are in tropical countries and in
India it constitute to about 58.2 million hectares (Prasad et af., 2002). OF this, nee cultivation
accounts for about 15% and provides staple food for about 40% of the world's human
population. The concern for wetlands is rather recent only about three decades old. Until
recently, wetlands were treated with contempt as wastelands, worthy of drainage and
reclamation for agriculture and other land uses. Natural wetland, which lies at the interface
between agricultural uplands and the deep open waters, act as recipients of sediments and
agrochemicals and are known to regulate their flux 1w the lakes and rivers. The cyclhing of
organic matter between the water and sediment phase is an important part of the productivity
of the wetland at different levels, The paddy wetlands are man powered temporary wetlands
«hich are subject o various disturbances. There is a continuous nuinent exchange m sol
subsystem involving a number of organisms ranging from microbes {bacteria and fungi) to an

ey of macro inveriebrates,

The Erumavur panchayat in Palakkad district has 400 acres micro-watershed wetland
coosvsiem, having hills on three sides with various agriculture and vepetation types. Hundred
scres i the plains are used for paddy cultivarion, It was proposed to convert |00 acres of the
puddy wetlands in the area to organic farming fype. So improving and restonng the
swodrversity, through suitable practices would be ideal for improving the productivity of the
svstern. Oirganie farming helps 1o improve the physical, chemical and biological properties ol
the sotl and maintain the ccological balance as well as productivity of life supporting systems
for furure generations (Raja Gopal and Sree Ramuly, 1999), Soil management practices that
4o mot smparr health and structure are pre requisites for achieving higher productivity and
educed cost of coluvanon in agriculure. Dimitrov (1997) suggested that organic farming
sould be sauly applied during transition period taking into account the limited resources of
#w coumimy. The opimion vares greatly about the organic farming as part of sustainable

serculture [t has been called. organic farming which 15 a svstem of production that largely
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organic farming strategies would depend on long term whole farm systems involving all
aspects ol crop production that will maintain soil productivity and reduce dependence on
chemical inputs. By definition organic farming is a production system which avoids or largely
excludes the use of synthetically compounded, pesticides, growth regulators, and livestock
‘eed additives, To the maximum extent feasible organic farming system rely upon crop
rotation, erop residues, animal manures, legumes, green manures, off-farm organic wastes,
mechanical cultivation, nuneral bearing rocks, and aspects of bielogical pest control 1w
maumiain soil productivity, to supply plant nutrients, and o control insects, weeds and other

1=t L

=

The ever increasing attention is being paid to the environmental impact of intensive
agnculiural practices, and in this context organic farming is gaining recognition as a relatively
nendly production system. In general, the risk of harmiul environmental effects is lower with
organic than with conventional farming methods, though not necessarily so. In this context the
present study was undertaken in 100 acres of Padayat wetland in Palakkad to study the soil
chemusiry, benthic fauna as well as microfloral changes for a period of two years in the

tertilizer as well as organic amended zones.

I. Importance of the proposal in the National and International

context — A review

The “Convention on Biological Diversity” encourages the developmem of
ectmolomes and farming practices that not only increase productivity, but also arrest
Segm=tation s well as reclaim, rehabilitate, restore and enhance biological diversity and
momsor adverse effects on sustainable agnicultural diversity, These include, inrer alfia. organic
mng. mtegrated pest management, biological control, no-till agriculture, multi-cropping,

sSsroToppIng, crop rotation and agricultural forestry”

The most common form of agriculture in wetlands is, however, paddy cultivation.
Cvadence of nee culture dates back to the earliest age of humans. Domestication of rice
“aried m shallow swamps, and probably independently in China, Thailand, and India. With
e growang demand for food, seasonal marshes throughout South and Southeast Asin and

s were modified into paddy fields as man-managed wetlands, The conversion of
DOemsre mangroves (Sunderbans) in the Canga-Brahmaputra Delta started at the end of the

¥ cemmany By then the BEast Indm Company, which required the private landowners to clear
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mangroves had been converted td rice fields. The pace of conversion got further sccelerated,
and though enormous deposits of sediments transported by the two rivers had resulted in the
expansion of Sunderbans, 2,750 km'® of Sunderbans were reclaimed between 1850 and 1940
and another 3,230 km” in the next 40 years (Reeve, 1997).

The changes in agricultural wetlands, such as paddy fields, depend upon the
senicultural practices involving removal of plants other than the crop. water management, and
he use of agrochemicals. In less intensive paddy cultivation, the paddy fields support large
sodiversity and their productivity, taking into account that the production of all consumable
otz is substantially high (Dimitrav 1997). Under intensive cultivation, the biodiversity is
greatly reduced. Numerous studies have provided evidence of the positive role organic
farmung in both above and below-ground biodiversity, reduction of agncultural pollutants and
the preservation and restoration of onfarm  biodiversity, Long-term  comparison with
conventional sgriculture systems demonstrated that organically farmed soils showed higher
mological activity (30-100 %) and higher total mass of soil micro-orgamsms (30-40 %),
“itrate leaching rates on organic farms were shown to be significantly lower (40-64 %) and
energy use 1o be more efficient (30-50 %) on a per hectare basis (FAQ, 2002). Swdies taking
olace between 1988-2001, companng conventional and organic agriceltural practices in both
e LS and UK have repeatedly shown higher levels of wild biological diversity (e.g. birds,
wthropods, weedy vegetation and soil organisms) in organically managed farms (FAO 2002).
The mfluence of organic agriculiure and landscape diversity was further illustrated in over 30
werarste studies contrasting organic and conventional farms in the UK between 1983 and
2000 The findings showed that organic systems consistently had higher levels of wild plants
' % nmes more biomass and 57 % more species); arthropods, non-pest lepidoptera and spaders;
snd birds. In particular, 25 "% more birds were found at field edges, with 44 % more in-field

terds i the fall-winter, and higher numbers of breeding pairs of rare bird species

In an agncultural ecosystem, soil organic matter (SOM) and soil total nitrogen (STN)

e the major determinants and indicators of sodl fertility and quality, and are closely related
wi| productivity (Reeves, 1997; Susanne and Michelle, 1998). The reduction of soil
wramee matter and soil wtal nitrogen levels results in a decrease of soil fertility, soil nutrient
sppiy . porosity, penetrability and thus soil productivity (Gray and Morant, 2003). From a
slobal perspective, solls represent an imponant terrestrial stock of carbon, holding

mrrossmaely 3 oand 2 times as much as terrestrial vegetation and atmosphere, respectively

8. 1 . . S ot el TIEELY R St L R T e ey L e (B
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stocks (Janzen ef al., 1997). The dynamics of organic C in soils as affected by farming
practices, to a great extent, affects the CO; concentration in the atmosphere as well as even
the global climate change (Knorr er al., 2005; Tan and Lal, 2005).A better understanding on
iemporal and spatial varability of SOM and STN and related factors is important for
improving sustamable land use management (MeGrath and Zhang, 2003) and providing a
valuable base against which subsequent and future measurements can be evaluated, In this
context the breakdown of organic matter by soil microbial community and benthic organisms
with its further recycling in the wetland soil is » crucial aspect of the soil productivity. The
sotl chemical characteristics also play an important factor that determines as well as tha
contributes to the abundance of organisms and productivity of the system. Therefore this
study 15 umque in the Indian comext where the benthic productivity in relation to its chemistry
would be ussessed in the context of different stages of the organic farming in a wetlands
ccosystem. This study can be considered a model for other wetlands which are 1o ke up

organic farming practices,
3. Objectives of the project

1 To study the sol chemical parameters in relation to different farming practices.

o) To assess the composition, distribution and abundance of macro benthic fauna in soil

samples,

1 To assess the microbial bromass (heterotrophic count) in relation to farming practice.
<. Field visit and sampling

Moenthly field sampling for the collection and snalysis of soil chemical parameters,
macro fauna and bactenal biomass (Total plate count) from selected stations were undertaken
Soem July 2009 to October 2010 in Padayatti paddy wetlands of Palakkad formed the basis of

the studhy
2. Materials and Methods

£ 2 Study Area

The area selected for the study was Padayatti in Erumayur panchayat, Palakkad,
scres of mucro-watershed ecosystem with mostly paddy cultivation and also some

sEstatie fultnvanon i the penpheral zone. From the 400 acre area 8- zone of 100 acres was
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parameters, macrofauna and microbial heterotrophic biomass (Fig.1). St.1 to 3 was under
organic paddy cultivation, whereas St.4 was under cultivation using chemical fertilizers. All
study stations were typical paddy wetland systems. The details on the latitude, longitude and
ares of the stations are given in Tablel, Traditonally the farmers in Padayatti area were
cultivating paddy and vegetables using chemical fertilizers since the last two decades. But in
carly 2009, the Kerala State Biodiversity Board lead an initiative 1o introduce organic farming
practices in 100 acres of paddy cultivated area. It was in this context that, the presemt siudy
w25 entrusted with CUSAT to monitor the soil guality and faunal chamcteristics in the

femilizer as well as organic amended zones as indicated in Table 1.

The orgame farming within the selected hundred acres of paddy fields was based on
vermmicomposting, leal decoctions, and “Panchagavava. The Panchagavva was locally prepared
by farmers of Padayetti with the technical support of the State Agriculture Department. The
constituents of the Panchagavva assortment were milk (2 litre), curd (2 litre), ground nut cake
1 kgl tender coconut water (3 litre), banana (12 nos.), toddy (2 litre), cow dung (7 kg), and
anne (3 litre). The constinuents were mixed and | litre of it was diluted w 10 hitre and applied in
e orgamie farming areas. The period of application of Pamchagavia was for 25 days, 45 days,
and 60 days, interval from the date of sowing paddy and its further growth,

The vermicompost was apphed ot rate of ltonne' acre, indigenously developed by the
carmers of Padayatti, Palukkad, The leaf decoctions were made from locally available 5 vaneties

o plants and were applied, when there was any threat of pest attack on the cultivation,

The annusl farming system consisted of early nce (July to September), late rice
Seovember 1o January) and fellowed by summer fallow. The seeds commonly employed for
Swimvanon were Navara, Aishwarva, Jothi, JST. 1001, The technical support regarding the
sophicanion of organic manure, its pernodicity and related aspects were provided to the farmer
= the State Agnculure Deptmeant. Allathur as well “Thanal”, a non-governmental

cagamsation approved by the Kerala State Biodiversity Board.

The soil for the analysis of benthos was collected using a standard corer, based on the
secadure of Holme and Me Intyre (1971) and APHA (2005). The soil samples were collected
sy & suandard corer of 5 om diameter and 40 em in length, for macrofauna. Suitable quadrate

£ 28 am 25 am + 45cm size were also used to collect the benthic fauna from the study areas
depencmg on ihe seasonal changes. The benthic samples were preseérved using 4 %o [ormalin,

e =e=enval anples were washed through suitable sieves of mesh size 500pm for macro
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fauna and those that are retained m the sieve were collected and preserved in formalin and
stuned in Rose Bengal for identification (APHA, 2005, Holme and Me Intyre, 1971).

The sediment pH was measured using a Systronics make pH meter, NOME VI,
whereas Eh was measured using Systronics make Eh meter, No.318. Calcium, sodium and
sotzssium in the sediment were estimated using Flame Photometer (Systronics make No 128).
Total and available nitrogen, available phosphorus, and organic carbon were analyzed based
an standard procedures (APHA, 2005, Jackson 1973),

The organic matter was derived from organic carbon values (El-Wakeel and Riley,

#57). whereas the energy content was obtained from organic matter using an equivalent of

216 Img dry weights (Bames, 1959). The microbial biomass, mainly the heterotrophic and
wotal counts were also determined (Alfred E Brown- Bensons manual 2000, APHA, 2005),

Location Map Showing Study Area in Padavatti, Palakkad Dist. Kerala
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Fig. 1 Location map showing wetlands of Padayarti, Palakkatl,
The benthic macrofauna were analyzed by hand picking and microscopic analysis. The
S @ well as published references were employed for identification of the differem
s wr W thewr gemenc or species level. (Holme and Mc Intyree, 2003, Fauvel, 1953 and
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The univariste & multivafiate snalysis were done by statistical software's SPSS
version . Primer vh.l was employved for Bray-Curtis and non-metric multidimensional
wcaling o evalunte the vanations in the parameters (Plymouth Routines in Multivanate

Ecological Research).
Table 1 Details on study stations in Padayatti wetland, Palakkad |

Sration Coordimates | Manure applications | AFES i scrmd
FE417057T' N | Vermicompost,  Panchogoavene, Organic
Crganic 064
" 3B E | pest repellents eic
1P 417 085" N | Vemmcomposd, Fu:m'flrr;:m_*rTLT;.mﬁl’j_..':itl;llu
T EAnic |30
Te" 3" B36° E | pest repellents etc.
1R 41" 1277 N | 1"¢Hlii|.!1'|r'r1:|'||'|i1. Prmu'.i:lrrprnm.'c.'. {'.Il'g:lnil:' |
Jribanic [.30
TH* 32" RE2'E | pest repellents ete
Chemical manures like factomphose,Urea,
4 Chemical 107 40" S02" N
ammonium sulphate, sulphur-phosphate & 0,40
fernlizer 6= 32" 11T E o
Chermical pesticides

Plate | Sampling snd study stations of Padayatti wetland, Palakkad,
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6 Results and Discussion”

6. a Soil temperature and pH

The soil temperamre varied from an average of 28.00'C in the organic farming
sanons, to 284 C in the chemical application zone (St 4), The highest temperature was
éserved in March 2010 with a mean value of 34'C and lowest temperature of 21.6'C was
seerved in December 2000 (Fig.2). Soil pH i one of the most indicative measurements of
e chemical properties of soil. The nutnent availability to plants and major chemical
seactions as well as microbial activity was influenced by soil pH. In the present study, the
sverage pH values were found marginally higher in organic amended stations as compared to
fertlizer zones, Station wise analysis of the pH showed average values of 6.22 in 51,1, 5.95 i

@2 611 instd and 6.03 in st.4 respectively (Fig.3).

In St.1 an average pH value of 6.22 + 055 was observed. pH showed a lowest value of
£2% in March 2010 and a highest value of 7.1 in February 2010, with a coefficient of
caration (CV %) of 8.67%. The characteristic pH values showed that, pH was acidic 1o
==zl in Sl In St.2 soil pH showed an acidic nature, with an average value of 5.94 + 0.61
w5 hughest value of 6.8 in February 2010 and a lowest value of 18] in September 2009,
wremg 2 coefficient of variation of 7.84%. In St. 3, pH values showed an average value of
&1 = 039, with a lowest value of 529 in November 2009 and a highest value of 7.3 in
Femewary 2010, with a coefficient of variation of 8.13%. 5.4 showed an average vialue of 6.02

= 4 3% with highest value of 6,9 in February 2010 and an acidic value of 5.51 in March 2010

W = §.§4%)

seasonally, wide vanation in pH was observed in the four stations. An average value
o 291 = 0.8] was observed in monscon 2009, 6.44 £ 0.51 in pre monsoon, 6.036 + 0,49
Serwme post monsoon 2009 and 6.12 £ 0L54 in monsoon 2010 respectively (Fig4). The
WSO A of soill pH showed an overall significance at 1% level (F = 9.873) (Table 2).
D post hoc fest also revealed that the variations were significunt. Wht;rc three seasons
mee growped o 2 subsets, having stations | and 3 in subseil and 2 in subset 2. The
goummes were significant at 1% in subset 2 (Table 3), The nature of soil was mostly acidic

Ssmmy S monsoon i the years 2009 and 2000, pH values were almost neutral in post

R RS DA, SO S T L W T N P . [P e, e Myl S,
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of dendrogram depicted that the pfi was grouped in to 3 clusters with the highest similarity in
organic SL3 and fertilizer Std (99.75%) whereas a least similarity was shown in organic
statton | {98.8%) (Fig.5). Station wise non-metne multidimensional scaling (MDS) ordination
of pH concentration showed a clear distinction in the distribution of pH between organic and
chermical fertilizer stations (Fig.6), All the four stations showed a similarity of 80% whereas
mighest similanity in pH variation was found between S1.3 and S51.4. Season wise, Bray- Curtis
smilanty profile indicated that, pH gave three clusters (Fig.7). The similarity i pH was
fughest in second cluster represented by St3-monsoon 2009, S1.4 monsoon 2010, St.2 post
monsoon 2009 and S1.4 monsoon 2000 (99.8 %), followed by cluster | represented by St.2
pre monsoon 2009, 5.1 Monsoon 2009, 51.3 Pre monsoon 2009, and S1.4 monsoon 2009
1949.3%) and least in cluster 3 represented by St.1 monsoon 2009, 51,1 monseon 2010, St4
Post Monsoon 2009, St.1 post monsoon 2009, 8.2 Monsoon 2010, St.3 Monsoon 20089 and
Fost Monsoon 2009 (99.3%). Seasonally non-metric multidimensional scaling (MDS)
cdination of pH concentrution showed o similar trend 10 all seasons except in monsoon 2004,
Lo onernll similarity of 20% was shown in all seasons with a stress factor of 0.01 which is an

woclient representation. (Fig®). Pearson correlation analysis of pH showed a negative

comrelanon with Eh having a significance of 0.05%,

In the present study, soil pH values were found marginally higher in the organic
smended stations as compared 1o fertilizer zones. The pH values were mostly acidic in nature
Swrmg March, May, July and Augusi 2010 in both organic as well as fertilizer farming
ssnons. Studies conducted in California’s Sacramento Valley reported that pH values in
sgemic farming systems experienced a rise in soil pH (Sean Clark er of., 1998). This agrees
s the present study where a marginal increase in values was observed in organic zones
=091 s compared to the fertilizer zone (6,028). The rise in pH could be atiributed 1o long-
e changes in soil pH that occur as a result of displacing cations or adding sburces of
wesiey such as H o oand Al on the cation exchange complex of soils as reported by Tisdale er

i
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Table 3 Post Hoe table of'pH in Padavetti wetland, Palakkad during 2009-2010

oH |
Season N 1 Stubset =7
Duncan I 12 59112
3 4% 60369
2 i2 f.4438
Sig. 296 10000

Means for groups in homogeneous subsets are displayed.
Basrd on obzerved means.

The ervor wrm is Mean Square (Error) = 237,

"2 L ses Harmonic Mean Sample Size =36.000.

&2 Owidation Reduction Potential (Eh)

Uradanon-reduction potential s the measure of electron activity of the soil and is one
# e most important electrochemical properties of the soil affected by the dynamic changes.
wihem watlands are subjected 10 hydrological fluctuations, Station wise analysis of Eh showed
% wemiar trend anall stations depenchng on the hydrological pattern, During the study a
Siscmy wend was observed during the water logged months in July, August, September, and
Seer 2010 whereas an oxidative nature was observed during the dry months of November,
Semmber. January, and February 2010 (Fig.9).

The owsdation reduction potential showed a negative trend in station] having an
e of 9246 = 129 mv with a lowest value of -336 mv in Sepiember 2010 and -102 mv
= Sawd 2010 Sation I also showed an average value of -92.62 + 148 mv with the lowesi
S of <339 m the month of September 2010 and a highest value of 105 in May 2010,
Mg B8 ovaloe of 595 = 1239 my was observed in st.3 with 2 minimum value of -298 mv
= Sawss 2010 and maximum value of 126 in May 2010, Station 4 also showed a negative
B oweh an average value of -85 = 101.3 my, having a lowest value of -227mv and &
e saliee of &4 my 1 April 2010
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wonally the Eh values showed a similar trend i all stattons. During the study
-20010) a reducing trend in Eh was observed in all scasons except pre monsoon
imic changes in hydrological pattern greatly influenced the oxidation reduction

f the svstem. The average values of Eh in different seasons were given in Table 3

i n analvsis of Eh showed a positive correlation coefficient of 1% significance
potassium and calcium concentrations. The ANOVA of pH was significant
6t B55) seasonally (Table 5). The Duncan post hoc test revealed that the

grouped into 3 subsets with a significance of 1% (Tahle 6)

edsonal vanation in Eh (my) in different statons of Padayat

: Pelakkad during 2009-2010
E———— Bl | s Si3 St4
| a557S 5575 -2R.125 -6()
O -189.2% 18925 J184.5 -174.25
.25 41.25 31.5062% 200
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l'able 8§ ANOVA table of Eh in Padayett wetland, Palakkad
Source df Mean Square ¥
od Model I 01964.049 2
2 483225224 (6,855
N |3 3245 851 449 1
* station 6 6257.799 T '
- T 100 7227919 . ,
112 = R
- ot I B Y = i
- 33 " - significant at 1% level,
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Table 6 Post Hoe table of pH i Padayetti wetland, Palakkad during 2009-2010

_[ - B ’ -'ﬁl =
| Fpdes :ﬁ?. ﬁﬁﬂ -
i N P | " ._-'II } rj &
Duncan 2 iz =191, 1875
| 32 -B4.9997
3 L) L1919
Sig. 10000 1000 1.0
Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square{Error) = 7227 919,
a2 Uses Harmomie Mean Sample Size = 36,000,

&3 Soil Total Nitrogen (STN)

In an agricultural ecosystems soil total nitrogen (STN}) 15 & major determinant and
micwors of soil fertility (Reeves, 1997). Thus a reduction in total nitrogen levels will result
w cecrease i soil fertility, soil nutrient supply, and thus soil productivity (Gray and Moran,
S5 The smation wise analysis of wotal nitrogen in the paddy wetlands of Padayatti depicted
= evemzge value of 0.739% in stl, 0.768% in st.2, 0.85% in st.3 and 0.769% in st4

mpecevely (Fig. 11),

= %11 an average value of 0.739+0.508% was observed. Total Nitrogen showed a
S value of 0.265% in the month of Japuary 2000 and a highest value of 1.825% in
D 2009, with a coefficient of variation (CV %) of 68.3%. In station 2 variations in
sl wenl nitrogen showed an average value of 0.768 = 0779 %, with a lowest value of
W, m the month September 2010 and o highest value of 2.934% in November 2009,
Sy 3 coefficient of vanation of 101.41%. An average percentage valug of 0.849 = 0,779 in
. mwogen were observed in 513, with a lowest reported value of 0.222% in January 2010
8 mrhes observed value of 2.78% in November 2009 (CV=91.38). 5t.4 the chemical
Sl rome. showed an average value of 0.77 £ 0.556 % in STN, with a lowest observed
sl of 023%%, i the month May 2010 ond & highest value of 2.01% in November 2009,

s csetTicsrne of vanation of 72240,

Sessomally wade vanaton in 1oal nitrogen was observed in the four stations {Fig. 12).

e s merogen value of 1.02% was observed in monsoon 2009, 1.2% in pre monsoon
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S T 3 Whereas an average vabue of 0.895% in monsoon 2009, 1,15 in post monsoon 2009,
“%= dunng post monsoon 2009 and 0.59 in monsoon 2010 was observed in chemical
femilirer applied St.4. During the monsoon, St showed a highest average value of 1 0569 %
= 20, whereas highest value of 1.4% was observed in 5.2 during post monsoon, In the pre
mmsoon fughest mean value of 0.503% was reported in St.3 and 0.59% in St.4 during
memsoon. [n all the stations the percentage variation of STN was low in both pre monsoon
el monsoon whereas elevated concentrations were observed during post monsoon period.
The ANOVA of soil total nitrogen showed an overall significance a1 1% level (F = 14.182)
FTae 70 In Duncan post hoc analysis, the 3 seasons were grouped into 3 subsets and were
wgmticance at 1% level. The correlation coefficient analysis of soil total nitrogen showed a
pemse correlation between organic carbon, organic matter significant at 1% level (Table &),

Mean ssation wise analysis of dendrogram depicted highest similarity in organic (5t.2) and
S Sud (99%), whereas a least similarity was shown in organic st.3 (97.5%) (Fig.13).
S wee ponemetric multidimensional  scaling (MDS)  ordination of tofal  nitrogen
smceseston showed a elear distinction in variation of total nitrogen between organic and
e femilizer stations (Fig 14). All the four stations showed a similarity of 20% whereas
S semlanty in total nitrogen variation was found between 502 and St.4, Season wise Bray-
L semlanty profile for wtal nitrogen showed four clusters (Fig.15), The similarity in total
g s nghest in third cluster (98%) represented by S.1 post monsoon 2000, S1.2 monsoon
S et 54 monsoon 2009, Cluster | showed 96% similarity in scasonal distribution of total
e opresenied by 564 monsoon 2010, SL] post monsoon 2009 and monsoon 2010,
St by cluster 2 with a similarity of 96% represented by St 2 post monsoon 2000, St 2
e 010, and S04 post monsoon 2009, 5.3 post monsoon 2009 and S1.3 monsoon 2010,
S smmlanty wis found in cluster 4 having a similarity of 91% represented by S1.2 monsoon
SN S monsoon 2009, st4 monsoon 2009, St1 monsoon 2009 and St.3 monsoon 2000
Sesenals son-metric multidimensional scaling (MDS) ordination showed that of wital nitrogen
Smemmmnon were similar in all seasons with an overall similarity of 20% (Fig. 16) whereas it was
W sl o about 807 between S, 5t.2, 5.3, and St.4 during post monsoon 2009 and St
WS Monsoon 2009 Seasonally, in all the four stations monsoon and pre monsoon, periods
- e st conceniranons of 11al nitrogen. The organic farming zones represented by St to
W et compuratively higher tofal nitrogen values as compared to the fertilizer amended
WA Hosever the ovenall examination of the data could not evolve any remarkable

S swong the ferulier or organic amended zones. Swmdies conducted by Gosling and
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erd (MMM} observed that the higher nitrogen content was related to organie fertiliser

epiocanon. Total mitrogen has a significant correlation with soil organic matter and an

wncement in the total nitrogen content under organic fertilizer application were reported by

=d Howatn and f@rshid Nowrbakhsh (2006) due o hgh loading of organic C and N in the
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Fig 12 Season wise Bray-Curtis similarity index of Soil Total Nitrogen (%) in
selected wetlands of padavati, Palakkad duning 2009-2010,
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Talle 7 ANOV A table of Total Nitrogen (%) in Padayati wetland, Palakkad

Suare A = .
kTl e, SR T Tl i |

Model 11 |1L.080 2.961**
I |6B.195 186989+ B
z 5172 4. 182"
¥ 114 14
* sasion 6 [215 590
100|365
112
Total 111
ol = 246, * 5 % level of significance
** 1% level of significance

Tabde § Post Hoe table of pH in Padayetti wetland, Palakkad during 2009-2010

3 48
| 32 .T415
2

a2 11882
| Sig, 1000 1004 1.000

“or groups in homogeneous subsets are displayed.
o observed means.

serm 15 Mean Square {Error) = 365,
Sermomic Mean Sample Size = 36.000,

Nitrogen

= S present study station wise analysis of the soil available nitrogen depicted no
vasanions between the organic amended and chemical fertilizer stations. A mean
e o 047, was observed in the four stations. Station wise analysis showed an average
WRNEST = 0079 % in st.| with a lowest reported value of 0,0064% in the month of
and 3 highest value of 0.355% in October 2010. St.2 showed an average value of
= S0093 % with a lowest value of 0.0131 % in April 2010 and o highest value of
= Seprember 2010 An average value of 0.0448 = 0.0096 % was observed in st.3 with
walue of D.071% in September 2009 and lowest value of 0.0321% in September
o4 showed an average value of 0.0449 £ 0.0060 % with lowest reported value of
< @ Seprember 2010 and highest value of 0,0556% in June 2010 (Fig.17),
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Seasonally wide variation an available nitrogen was observed in the four stations
T 180 An average value of 0.522 £0.056 % was observed in monsoon 2009, 0.438 &
© 5 m post monsoon, 0,405+ 0.013% in pre monsoon 2004 and 0.448+ 0,032 % monsoon
-0 respectively, The aversge percentage composition of available nitrogen in Sul in
memsoon 1009, Post monsoon 2009, pre monsoon 2010 and monsoon 2010 was 0.1135,
SETE 0036 and 0,431 respectively. In 512 it was 0,037 % in monsoon 2009, 0.043%, in
g memsoon, 0.036 in pre monsoon and 0.042% in monsoon 2010. In St.3 the average
pesesmge composition of available nitrogen varied from 0.0386 in mensoon 2009, 0,.044%, in
et monsoon 2004, 0.043% m pre monseon 2010 and 0.053 % in monsoon 2010, In 564
wscemeations vaned from 0.046 % in monsoon 2009, 0.045% in post monsoon 2009,

st m pre monsoon 2010 and 0.0414 % in monseen 2010.

Mean station wise analysis of dendrogram depicted highest similanity in organic 5t.3
mmt Serniorer Zone 564 (100%) whereas a least similanty was in organic zone st.2 (95%) (Fig.
W Smmon seen wise non-metne multidimensional scaling (MDS) ordination of total
s concentration showed a clear distinction in varation of available nitrogen between
s snd chemical fertilizer stabions {Fig 200 All the four stations showed a similarity of
WL whereas highest similarity in total nitrogen variation was found between 513 and St4,
Semson wise Bray-Curtis similarity profile for wotal nitrogen showed four clusters (Fig.21).
e sesslanity o total nitrogen was highest in third cluster (98%) represented by S1] post
Semseen 2009, 8.2 monsoon 2009 and St.4 monsoon 2009, Cluster | showed 96% similarity

% sessonal distribution of total nitrogen represented by Std4, monsoon 2010, St.1 post
escon 2009 and monsoon 2010, In cluster 2 a similarity profile of 96%, were represented
W = D post monsoon 2009, St 2 monsoon 2010, and St4 post monsoon 2009, Si3 post
emmson 20049 and 513 monsoon 2010, Least similanty was found m cluster 4 having a
sty of 91", represented by St.2 monsoon 2009, St.3 monsoon 2009, st.4 monsoon 2009,
S messoon 2009 and SE3 monsoon 2009, Seasonally non-metric multidimensional scaling
SN oedimation showed that of total nitrogen concentration were similar m all seasons with
v smmlanty of 20% whereas it was highly similar at 80% between St.1, St.2, Si.3, and

WS S post monsoon 2009 and St.] and St.2 in monsoon 2009 (Fig.22).
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Fig. 19 Station wise Bray-Curtis similarity plot of Available Nitrogen (%) in

selected wetlands of Padatati, Palakkad during 2009-2010,
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Table 9 ANOVA table of Available Nitrogen in Padayati wetland, Palakkad
during 2009-2010

Camecied Model nl o0 1074

fmereept | 224 230.113%*
Sexson 2 001 1.378
== 3 001 755
* station 6 001 1.231
E 100 001
112
Karmected Total 11
rsq-mi = 106
* 5 % level of significance
% 195 level of siEniﬁi:ancr

Tsble 10 Post Hoc table of pH in Padayett wetland, Palakkad during 2000-2010
An

Sig,
for groups in homogeneous subsets are displaved.
s oo observed means.

e==or term is Mean Square{ Error) = 001,

©ses Harmonic Mean Sample Size = 36.000.

Asaiiable Phosphorus

Phospborus s one of the limiting essential clement classified as 8 macronutrient
of the relatively lorge requirement by plants, Station wise analysis of available
ssowmed an average value of 76,89 £ 67.14 me/p in St.1, with a lowest value of
-y = lqm:‘ﬂiﬁmdnhghﬁtwh:ufmﬁlmygmluaezﬂlﬂ In 5.2 the

- - B 1 B o T * R T i Tt (1T, T e LI pt] = =t e e e
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LT mg g in July 2010 and minimum value of 1.05 mg/g in July 2009, In St.3 the average
vt of phosphorus was 61.76 + 49.13 mg/g with the value of 0.129 mg/g in the month
Seprember 2009 and a highest value of 129,09 mg/g in September 2010. In $t.4 Phosphorus
Wwed 3 mean value of 67.44 + 58.12 mg/g with a lowest value of 0.034 mg/g in September
2900 mnd 2 highest value of 67436 mp/g August 2010 (Fig.23),

Scasonally wide vanation in phosphorus concentrations was observed in the four
s (Fig 24). ANOVA of soil phosphorus showed an overall significance at 1% level (F
“o 2830 (Table 11). Duncan Post hoc analysis showed that seasons were grouped in to 3
S where stations 1, 2 and 3 are in subsets 1, 2 and 3 respectively and the groupings are
Sticant at 1% level (Table 12). An increasing trend in phosphorous concentration was
ed in all stations during the study period 2009 - 2010, Seasonally, in St.1 phosphorus
"he highest average value of 130.82 mg/g during monsoon 2010, In 5.2 highest value
SE mg g was observed during pre monsoon 2009, An average highest value of 113.94
w2 cbserved in monscon 2000 in SL3 and in St4 the highest concentration of
< phosphorus was observed during monsoon 2010,

Mean stanon wise analysis of dendrogram depicted that the phosphoras was grouped
= chusiers with the highest similurity in organic zone St.1 and St.3 (98%) whereas a least
a3z shown n st.2 and Std (96%) (Fig.23). Station wise non-metric
wnal scaling (MDS) ordination of phosphorus showed a clear distinction in the
between organic and chemical fertilizer stations. All the four stations showed a
of %%, whereas highest similarity in pH variation was found between St.| and S1.2
Season wise, Bray- Curtis similarity profile indicated that, pH gave three clusters
— The similarity in pH was highest in second cluster represented by St.1- pre monsoon
S5 monsoon 2009, St3 post monsoon 2009 and St.2 pre monsoon 2000 (95 %),
= cluster | represented by SL2 pre monsoon 2009, St.1 Monsoon 2009, Si.3 Pre
—00, and St4 monsoon 2009 (99.5%) and least in cluster 3 represented by St
“0s, sl mensoon 2010, St4 Post monsoon 2009, St.1 post moensoon 2009, $t.2
“10SUE monsoon 2009 and Post monsoon 2009 (99.3%). Seasonally non-metric
onal scaling (MDS) ordination of pH concentration showed a similar trend in all
sacept in monsoon 2009 An overall similarity of 20% was shown in all seasons with
e G of 0061 which 1s an excellent representation with no prospect of

m {Fig.2R)
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The comrelation coefficient analysis of phosphorous showed a positive correlation
Serween Eh, energy content, sodium, potassium and calcium significant at 1% level. The
weesase available phosphorous concentration showed only marginal vanation among the
g and fertilizer amended zones, During the study period available phosphorous were
ed with its highest concemiration in orgamic zome, Stl and St02, whereas the
wons were lowest in station S1.3. Studies show that concentrations of extractable P

conversion to organic management were considerably low in organic managed arcas
comventionally managed fields, However, the results do offer support to the argument
srganic farming is mining reserves of phosphorus built up by conventional management
and Shepherd 2005), However studies conducted in more than 30 farms in England
conventional and organic managemeni zones reported that no significant difference in
¢ P concentrations were found between organic and fertilizer amended wones (Sean
& er ol 1998),
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Fig. 23 Vanation of available phosphorus (mg/g) in selected stations of Padayati
wetland, Palakkad.
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Fig.26 Station wise Multi dimensional plot (MDS) of soil Available Nitrogen in
selected wetlands of Padayvatti, Palakkad during 2009-2010.
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e I” Season wise Bray- Curtis similarity of soil phosphorous in selected
wetlands of Padayatti, Palakkad during 2009-2010.
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Fig 2% Seasonal Mult dimensional plot (MDS) of soil phosphorus in selected
wetlands of Padayami, Palakkad dunng 2009-2010

Fabde 11 ANOVA wble of phosphorous in Padayati wetland, Palakkad during
2009-2010,

: . e ; £ 1 1 S | 43 =
| 550637 837 260053
2 45022375 21.263**
3 I 536,185 126
® San £ 1505793 g
1 00 2117410
112
Taae 111
= T3% == significant at 1% level.
* - significant a1 5% level.
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Tzhle 12 Post Hoc table of phosphorus in Padayetti wetland, Palakkad during
Z00R-2010

. Py )

- N . - — oy -
| I T [ 5 3
i2 41.593%8
32 6. 9076
4% 107.7100
1.000 | .00 1.000

fior groups in huumg-i.:nmus subsets are displayved.
on observed means.
=vor term 15 Mean Square (Error) = 2117.410.

Barmonie Mean Samp-le Size = 36.(M4.

The mean sodium concentration in the soils of Padavatti wetland during the present
was 0,442 mg/g. The station wise analysis of the data showed an average of 0.484 £
2 m St1 with a highest value of 0.735mg/g in the month of July 2009 and a lowest
0331 mg'g in November 2000, In 5.2, sodium showed an average value of 0.438 +

e ¢ with a highest value of 0.767 mg'g in July 2009 and a minimum reported value of
= Sepiember 2010, An average value of 0,447 £ 0.115 mg/g was observed in 5t.3 with
value of 0,706 in July 2010 and & minimum value of 0.221 mg/g in October 2010
In St4 an average value of 0.45 £ 0.136 mg/gwas observed with a highest value of
e g om July 2009 and 0.038 in March 2009 (Fig.29).

Sessorally wide vanations in concentrations were observed in the three seasons. All
showed lowest concentration of sodium during post monsoon. Highest
s were observed in pre monsoon and moderate valued were shown in 200% and
som season (Fig, 300 The ANOVA of soil sodium showed an overall sigmificance
e (F o= 94910) (Table 13). Duncan post hoco test showed that sodium was grouped
o b where station 2 and 1 were insubset] and 2 in subset2. The grouping was
“w1m subset 2 {Table 14), Elevated concentrations of sodium were observed in

m all stations.

=1

Wess smnion wise analysis of Bray- Curtis similanty showed, that sodium was
mme two clusters with hlghcst similarity in organic SL.2 and 513 (99. 5%1 whereas a

1 e o pamed aleds ok JgEE R Rk DSg AT o L e sk o a iaa o Rl
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mendimensional scaling (MDS) ordination of total nitrogen concentration showed a clear
sinchion in vanation in sodium between organic and chemical fertilizer stations (Fig.32).
o the four stations showed a similanty of 80% whereas highest similarity in total nitrogen
wtion was found between St1, 2 and 3. Scason wise Bray-Curtis similarity profile for
showed three clusters (Fig.33.). The similanty in sodium concentration was highest in
cluster (98%) represented by St.]1 post monsoon 2009, St.2 monsoon 2009 and St4
20W, Cluster 1 showed 96% similarity in seasonal distribution of 1otal nitrogen
ted by S5t.4 monsoon 2010, St.1 post monsoon 2009 and monsoon 2010, Followed by
2 with a similarity of 96% represented by St 2 post monsoon 2009, St 2 monsoon
md 5.4 post monsoon 2009, S13 post monsoon 2009 and 5.3 monsoon 2010, Least
v was fond in cluster 4 having a similarity of 91% represented by St.2 monsoon 2009,
o monsoon 2009, st4 monsoon 2009, Stl monsoon 2009 and 503 monsoon 2009,
Iy non-metric multidimensional scaling (MDS} ordination showed that of sodium
tiom were similar in all seasons with an overall similarity of 20% (Fig.34) whereas it
Sahly sumilar at about 8(F% between St1, 5.2, S1.3, and 5t.4 during post monsoon 2009
| and $1.2 in Monsoon 2009,
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¥z 34, Seasonal multi dimensional plot (MDS) of soil Sodium (mg/g) in selected
wetlands of Padayatti, Palakkad during 2009-20110.

exed Model | 1 — 036 . 3,480
2 103 9.910%*
3 RIS 4 KR
* station 6 D08 98
100 010
- 12
o Total 1l
= 277 == significant at 1% level.
* - significant a1 5% level.
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Table 14 Post Hoe table of-sodium in Padayetti wetland, Palakkad during 2009-
2010

r - _- ) — P’Hil'r —= ——1 r=
Im-: IJ.: I:ﬁ: f . wl
| 1 2
2 32 4173
| a2 4215
Duancan
3 48 5062
Sig. 61 1.000
for groups in homogeneous subsets are djﬁplnyﬁd.
on observed means.
error term is Mean Square(Errot] = 010,
Harmonic Mean Sample Size = 36,000,

Fotassium

The average concentration of available potassium in the soil of Padayatti wetland was
" meg g during the study period. In SL1 the average potassium concentration was (.543
+ mg'g with highest value of 2.17 mg/g in July 2009 and lowest of 0.106 mg/g in
2110, §1.2 showed a mean value of 0,747 + 0.489 mg/g during the entire study with a
s value of 1.89 mg/g in the July 2010 and lowest value of 0.206 mg'g in August 2010,
s showed an average value of 0.599 + 035 mg'g during the entire study, with a
value of 1.214 mg/g in July 2009 and a lowest value of 0.235 in August 2009, The
w0 reported an average value of 0.503 + 0,42 mg/g potassium with highest value of 1.43
@ July 2010 and 0.061 mg'g in February 2010 (Fig.24). The monthly station wise
wes showed that potassium concentration ranged from 0.258 mg/g in September 2010 10
= June 2010 in St.1; that from 0.206 in September 2010 and 1.676 in June 2010 in S1.2;
Som (0267 in September 2010 10 1,169 in June 2010 in $t.3 and 0.061 in February 2010
L 445 in July 2010 in St4. Organic farming practices in California sacramento valley over
% vear have found higher K levels especially the plant available potassium in organic
as compared o conventional management (Sean Clark et al 1998, Reganold, 198K;
et al.. 1989: Dankwater et al., 1995} (Fig 35},
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Sessonal snalysis of pntasﬂu;'n during the study period showed highest concentration
s monsoon inall station except in 514, In St4, practiced by chemical fertilizers all
sotasioum concentration was observed excepl in post monsoon season (Fig.36).
e ANOVA of soil potassium showed an overall significant at 1% level (F = 5.762)
"5 A Dumcan post hoc test revealed that potassium is grouped in 1o 3 subsets (Table
ANDOV A of seasons showed a swatistical difference of 1%. Seasonally post hoc
e grouped in 1o 2 subsets, where stations 2 and | was in subset] and 3 in subset 2,
=re significant at 1% level in subset 2,
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I ANOVA mble of potassium  in Padayati wetland, Palakkad during

200 10
0 juare. jF - il
o 11 990 6500
' 2 2.635 17.332
276 5.762
= f 325 2.136
100 152
| § ¥
Tz 111
= E17 **. significant at 1"% level.
* - ugnificant at 5% level,
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Tabde 16 Post Hoc table of sodium in Padayetti wetland, Palakkad during 2009-
2010 ’

i K
1 L L  Subset
Sl N paiin |
. o A T L, = I, vt 1 #
2 12 A697
1 32 6260
3 48 D606
Sig. 092 1,000
for groups in-hnnmgemuus subsets are displayed.
2 on observed means.,
W= orror term 15 Mean Square{Error) = 152

L Harmonic Mean Sample Soze = 36.000.

Calcium

The sverage concentration of caleium during the study period in Padayani wetland was
me g The station wise analysis of the data showed an average value of 3,114 = .08
= S| with & highest value of 5631 mg/g in July 2009 and a lowest value of 1.08 mg'g
v 2000, In station 2 caloium concentration showed an average value of 2825 + (L83
¢ with g highest valee of 4.41 Tme/g in February 2010 and 1.483 mg/g in September 2009
wmest An average value of 3.1 + 0.95 was in 513, with a highest concentration in the
of March 2010 (4.5%9 mg/g) and lowest concentration of Ca in June 2009 {1.024 mg/g).
S04 caloium showed an average concentration of 2,513 = (.84 mg/g with a highest reported
of 327 mg/g in the month of October 2010 and lowest value of 148 in February 2010
41 The average concentrations of calcium during the study period ranged from 2.22
52410 3015 mg'g in S13. The monthly station wise analysis of the data showed that
concentration vaned marginally among stations and it varied from 0.27Img'g in
« 2000 10 5.009 mg/g in June 2010 in 5t,1; that from 0,305 mg'g in December 2010
©mg g in July 2000 in St.2; that from 4.588 mg/g in March 2010 to 0.255 mg/'g in
s 200 1in St.3 and 0148 mg/g in October 2010 10 3,568 mg/'g in October 2010 in 5.4

Seasonally caleium showed highest concentration during pre monsson m all the four

Lowest concentrations were reported during monsoon {2009} in organic stations 2
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- 4.0 ANOVA of calcium showed an overall significance at [% level (F = 12.187)
s Duncan post hoc test revealed that the three stations were grouped into 3 subsets

s s fcant ot of 1% level].
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Fig.41 Vanation of calcium (mg/g) i selected stations of Padayattu wetland,
Palakkad during 2005-2010
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'_-lhm'g}--ﬂmhmu-lnl Frogramms- Sena'y on Bewileie Farmna and ool Chemistry fﬂdﬂilﬁh&hhﬁﬁ_ﬁﬁ Weralia

- Complete linkage

TN AT SR 10T
$1T Bray Curs Bty

[ .
a0
>
3
=
3
B3 -
100 '

o
§8288888¢:88858¢3¢§¢:
A EE T TS EEEEEEEN:
; ; { = . i = ® ® ¥ i
b T w -t ] 5 o =

Samgples
Fig.45 Season wise Bray- Curtis similarity of soil Calemm (mg/g) in selected
wetlands of Padayarti, Palakkad during 2009-2010,
Wrnform Squmme .
Fesomblancs 517 Bray Curms similaiy
D Sirean 001 ([ Smvilarity
20
40
a0
— = a0
PSR T mwmastmzm mzppmaﬂf-mm
] AMOD ™ 1210 =
n,-lEMﬂF B oy Bk TPMOS ﬂammﬂﬂdﬂnm“@ﬂm
y - L]

Fig.46 Mulii dimensional plot (MDS) of soil Calcium Ymg/g) in selected wetlunds




Ayprobindreremby Emidscemmd Proignomme- Seudy on Bestbic Faund and Sol Chentey of Selected Tortlendi mm Ralaffad Kenils

Table 17 ANOV A table of Calcium in Padayaty wetland, Palakkad during 2009-2010

Source daf [ Mean Square F
Corrected Model T 1528 1,683
Season 2 Hoand 12, 187**
iﬁlaﬂnn 3 2.531 3688
iﬂ:aﬁun * station fi 385 61
iElTl:lf 100 i 1s
iTL‘ﬂ.HI 112
|Comrected Total I
'R Squared = 288 **_significant at 1% level, a

* - significant at 5% level.

6.9 Soil Organic Carbon, Organic Matter and Energy Content

Soil organic carbon (SOC) is one of the most important terrestrial pools for carbon
storage. It is estimated that the paddy wetland ecosystems on the earth have a total carbon
stock of about 20-25% of the total stock in werrestnial soils, and are considered 1w play an
important rele in global carbon cyeling. During the present study organic carbon showed an
average of 0.714 % in the four stations. Station wise analysis showed an average value of
0.7196% in S1.] having a CV value of 34.04%, with a maximum value of 1.1% in June 2010
and a lowest value of 0.379% in February 2000, In 5t.2, organic carbon showed an avernge
value of (1,786% with a maximum value of 1.26% in December 2010 and a lowest value of
0.408 % m January 2010 having a CV value of 34.1%. In 513 organic carbon depicted an
average value of 0,69 % (CV = 44.22%) with a peak value of 1.2% in November 2010 and a
lowest of 0.83% in January 2010, St. 4 showed an average value of 0.663 % with a maximum
value of 1.29% in January 2009 and 0.419 % in Apnl 2010 (CV = 31.84%) (Fig47). Soil
organic carbon showed an increased availability in soil dunng the months of April 2010 w
August 2010, Mean results showed that 0.3 had the highest organic matter with 0.760%.
Studies comparmg soils of organic and conventionally managed farming systems it was
reported that, higher soil organic matter was reported in organic farming regions as compared
1w conventional methods (Lockereiz et al 1981; Alvarez et ul., 1988; Reganold et al,, 1993,
Drinkwater et al 1995). This agreed with the present study,
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Seasonally the ANOVA of-soil organic carbon showed that it was significant at %
level (F = 12.187) (Table 18). Season wise, Duncan test was grouped into 3 subsets with o
significant level of 1% Seasonally wide vanation in organic carbon was observed in the four
stations. An annual increasing trend in organic carbon (%s) was observed m SL1 and 3 where
as 51.2 and S5t4 showed a decline in its concentration. In St.1 and station 3 maximum
concentration of organic carbon were observed dunng the monsoon 2010, station 2 its highest
conceniration in pre monsoon whereas station 4 it was highest concentration in monsoon
2009, During the present study organic carbon showed significant positive correlation with
total nitrogen, potassium and caleium. Pearson comelation coefficient results between organic
carbon and total nitrogen showed a coclficient value of 0.350, is significant at | % level,
whereas potassium and calcium showed significance at 5% level. Mean station wise analysis
of Bray Curlis analysis showed highest similarity in organic zone St.3 and fertilizer zone 514
(99%) whereas a least similanity was shown in organic St.1 (98.5%) (Fig.49). Station wise,
non-metrie multidimensional scaling (MDS) ordination of organic carbon showed an overall
similarity of 80% whereas highest similanty in total nitrogen vanation was found between
St and Sed (Fig50). Season wise Bray-Cuntis similarity profile for organic carbon showed
four clusters (Fig.51). The similarmty i organic carbon was highest in third cluster (98%)
represented by St.1 in post monsoon 2009, S5t.1 monsoon 2010, 5t.3 post monsoon 2009 and
St.2 monsoon 2000, Cluster 4 showed a similarity of 98% represented by St.3 in pre monsoon
2009, S1.4 pre monsoon 2009, St.1 monsoon 2009, and St.2 monsoon 2009, Followed by this
Cluster 2 showed 97% similarity in seasonal distribution of organic carbon represented by
St.4 post monseon 20089, 51.3 monsoon 2009, and S1.4 monsoon 2010, Seasonally non-metric
multidimensional scaling (MDS) ordination showed that of organic carbon concentration were
similar in all seasons with an overall similanity of 20% whereas it was highly simalar at about
B0% (Fig.52).

Organic matter and energy content are reflective of organic carbon present in the
system. During the study organic maiter showed an average value of 1.613 + (0.52% in 511,
1.76 = 0.62% in St.2, 0.688 £ 0.67% in SLY and 1.486 + 049 %% in St4 respectively,
Seasonally wide variation in organic carbon was observed in the four stations (Fig.53). The
ANOVA of soil organic matier showed a seasonal significance of 1% level (F =0.871) (Table
19). Season wise Duncan test, was grouped into 3 subsets with a significant level of 1%,
Energy content also varied from 17.36 & 13.19 j/g in St.1, 18,16+ 11.25)g i 502, [9.77 =
12.78'g in S1.3 and 1625 = 982 g n S51.4.
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Table 18 ANOVA table of Organic Carbon in Padayat wetland, Palakkad during
2009-2010

. .. : . ; = .[}',!1 . |1 .

‘Season 2 059 571
‘station 3 114 1.689
Season * station & 056 B30
Error 100 067
Total 112
Comected Total Il
R Squared = 105 **- significant a 1% level.

* - significant at 5% level.

Table 19 ANOVA table of Organic Matter in Padayati wetland, Palakkad during
2009-2010

Season 2 204 871
station 3 571 1689
Season * station a 281 #30
Error 00 338
Toal 12
Corrected Total 11
R Squared = .105 **- significant at 1% level,

* - significant at 5% level.




Hgrofimirverury Fabsnrement Progremee Siudy on Benfhic Faum MIM[M::}- of Sedected Werlands an Pkl Nprels

Table 20 ANOVA iable of Energy content in Padayati wetland, Palakkad during

2009-2010
Energy
Source daf Mean Square F
Corrected Maodel 11 579.99] 7.666
Intercept | I8156.593 504,341
Season 2 | 2714, 166 35875
station 3 | 61.880 B8
Season * station [ 16096 1.536
Error 10 T75.656 o
Total 11z
Corrected Total 111
R Squared = 457 **=- signmificant at 1% level.
* . significant at 5% level.

6.10 Methane Flux

Agricultural wetlands play an important role in the global flux of green house gases
especially methane, Since agro ccosystems are usually inensively managed, agricultural
practices may offer a way to curb agricultural emission, in tum partially mitigating the
enhanced greenhouse effect. Agricultural soils can constitute either a net source or sink of
greenhouse gases, The ways that these soils are managed canoinfluence the Mux of greenhouse
gases by changing one or more of the following: the soil climate (i.¢., temperature and water
content), the physical/chemical environment of the soil. and the amount and chemical
compositon of organic residues applied to soil. Changes in these vanables control the rate
and extent of microbial processes. which in tum control the stabilization of C m seil and

affect the production of greenhouse gases.

The preliminary analvsis of the potential green house gas — methane flux from the
organic and conventional fertilizer plots in padayatti were done on a monthly basis from july
2011 w November 2011, The analysis has showed that the emission rates of methane were
higher in the organic stations as compared to fertilizer stations (Fig.44). The gaseous methane
efflux from soil is imitially dependent on the rate of production of carbon dioxide (or CH4)
within the soil-plant root system, and subsequently on the rate of gaseous dilTusion and mass

flow from soil pore walers to the atmosphere: a function of soil moisture and textural
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Fig.55 Methane emission flux from selected zones of Padayati, Palakkad during
2010-2011

6.11Microbial Biomass (Total Plate Count)

Soil micro organisms constitute a source and sink for nutrents and are involved in
numerous activities, such as transformation of C, N, P and S, degradation of xenohiotic
organic compounds, formation of soil physical structure and enhancement of plants’ nutrient
uptake (Gregonich ef al 1994 Seklemova ¢ al.. 2001). For these reasons, the importance of
microorganisms in the mantenance of gquality and productivity of agncultural soils is
unguestionable. The responsiveness of microorganisms to environmental factors implics that
disturbances imposed by agricultural treatments may lead to alterations in the composition
and activity of soilmicrobiota and, therefore, may affect sml quality (Gregonch et al., 1994;
Shibahara and Inubushi, 1997),

501l microorganisms play a8 major role not only in decomposing organic matter, but
also as a sink for plant nutrients, They represent a small fraction (1-3%6) of the total soil
organic matter, it has relatively rapid turnover and it exeris an impormant influence on soil
carbon and nutrient cycling, both through the oxidation of soil orgamc matter and a labile

reservoir of nutrient elements such as carbon, nitrogen, phosphoms and sulfur { Anderson and
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health which forms the living component of organic matter decomposing it into humus. A
comparative analysis of heterotrophic bacterial counts in organic and fertilizer fields revealed
that heterotrophic count was significantly low in fertilizer stations as compared to the organic
stations,

During the present study. station wise analysis of microbial bimass showed an
average value of 17.52x 107 in St.1, 1295 x 107 in St.2, 16.76x 107 in St.3 and 11.25x 107 in
5.4 respectively. Varations in the heterotrophic counts of bacteria in different stations are
given in Fig 56. In 2010 average highest value of 2413636 cfu/g soil was observed in St.|
whereas colony forming units of 1602727 cfu'g soil was observed in fedilizer stations
i{Fig.13). Monthly observation of the data showed that microbial count varied [rom 50000
clu'g in March 2010 to 5350000 cfu'g in SL1; that from 9700 ¢fu'g in February 2010 to
G310 cfa'g in September 2010 in St.2: that from 12000 cfu/g in February 2010 tw
T410000 in S1.3 and 0 in February 2010 to 2010000 in November 20010 in St.4.
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Fig.56 Monthly Varation heterotrophic bacterial count (cfwg) among four
stations in selected wetlands in Padayett, Palakkad during 2009-2010.

Determanation of soil microbial biomass 15 gencrlly used as a rapid indicator of
change in soul management which in turn affects the wrnover of organic matter (Nannipieri et
al 1990, A relatively rapid response o organic amendments has been reported for microbial

biomass carbon by several workers which sugeest it could be a useful indicator in wdentifving
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Committee, Axelsen and Elmholt ( [998) reported that a transition to 100% erganic farming in
Denmark has increased the microbial biomass by 77%, with rise the concentration of
springtails by 37%, that augment the density of carthworms by 154% as a national average.
Conversion 1o organic farming therefore provides opportunities for sigmficantly increase the

biological activity of the soil

L e
- o
— 3 i A Tt of TR f— [ =
f— r — ) R AAy Rmaih of TTCT
._.-"'-. FEENTE
A
ARG #
] =
": 5 gurmcc "
= ; £ /
=] ’ T _.
K R - ?— A
' A -
Vs e il anEr I — I
i
: u = e il
Mgy Férord s g o Elpmor s LLEES T s e — B e Lirmam
Brasin= Biisiema
R | (] -—
5 i s seoenh =l T RO .-__.- — i e kA mrrssari wf TS
# by P 4
o]
M
= i
-F. e —1
=~ A
[ T A r
. . I_ : g I
L g L i Bl o e B [ ——— Ly
Seasrw Fredbls s

Fig.57 Seasonal variation of microbial biomass in sclected stations of Padayati

wetland, Palakkad during 2009-20110

From the ANOVA table it was evident that, the vanation of microbial biomass were
seasonally significant at 1% level (F=22.412) (Table 21). Seasonally biomass was high
during Monsoon season in both 2009 and 2010 (Fig. 22). In season wise Duncan test showed
that microbial biomass was grouped in to 2 subsets seasonally and oll the subsets were
significant at 1% level, indicating that the grouping was prominent ss compared to the season
where only 2 groups were abserved

Mean station wise dendrogram depicted highest similarity in Microbial biomass n
S0 and St.3 (98%) whereas a least similarity was seen in organic st.2 and SvL4 (97.3%).
Station wise non-metric multidimensional scaling (MDS) ordination of microbial biomass

chowed 1 similarty of 80%. Season wise Brav-Curtis similarity profile for microbial biomass
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showed four clusters (Fig:58). 'I'he-s.imllarily in microbial biomass was highest in first cluster
(99%) represented by S1.3 post monsoon 2009, St.4 post monsoon 2009. Cluster 3 showed,
92%; similarity in seasonal distribution of total nitrogen represented by St4 monsoon 2010,
5.2 monsoon 2010 and 5.2 monsoon 2010 and St.3 monsoon 2009, Followed by cluster 4
with a similarity of 91% represented by St 3 post monsoon 2009, St | monsoon 2010 and 5t.3
monsoon 2009, Least similarity was fond in cluster 2 having a similarity of 90% represented
by 5t.1 monsoon 2009, S.2 post monsoon 2008, st.4 monsoon 2009, St.1 pest monsoon 2009
and 5.3 monsoon 2009, St.2 monsoen 2009, St4 monsoon 2009 and S04 posi monsoon
2009. Seasonally non-metric multidimensional scaling (MDS) ordination showed  that
microbial biomass was generally similar in all seasons except St.2 during post monsoon 2009
with a simalarity of 20%.
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Fig.58 Station wise Bray- Curtis similarity of microbial biomass in selected
wetlands of Padayatti, Palakkad duning 2009-20140,
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Fig.59 Station wise Multi dimensional plot (MDS) of Soil Organic Carbon in
selected wetlands of Padayatt, Palakkad during 2009-2010,
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Fig.60 Season wise Bray- Curtis similanity of soil Orgamie Carbon in selected
wetlands of Padayatn, Palakkad dong 2009-2010.
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Fig-61 Mult dimensional plot {MDS) of Soil Organic Carbon in selected wetlands
of Padayatti, Palakkad during 2009-2010

Table 21 ANOVA table of Microbial Biomass in Padavati wetland, Palakkad
during ZO00-2010

Corrected Model 11 9.051 4.50] **
|

Season 2 4.507 | 224)2+

station 3 1.409 | LT00

Season * station f 9 988 497

Error 100 2011

Total o 112 N

Corrected Total a 111

R Squared = 331 ** significant at 1% level.
* sigmificant at 5% level.
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Table,22 Post Hoc table of Total Microbial Biomass in Padayatti wetland,

Palakkad 2009-2010.
Microbial Biomass
station N
' 1

Duncan’ 4 28 B47357.1429
2 28 Q408714286
1 28 1.2065E6
3 28 | 1.2643E6

Sig, a1
Means for groups in homogeneous subsets are displayed.
Based on ohserved means,
The error term is Mean Square{ Error) = 2010873093400.004.
#. Uses Harmonic Mean Sample Size = 28,000,

6.12 BIOTA
Macrabenthos

A wide variation in the distribution of macrofauna was noted during the present study
period. The distribution of macro fauna depends mainly on the hydrological pattern and the
agricultural practices of the paddy wetland. Macrobenthic community in the study area was
constituted mainly by two groups oligochactea and crustaceans. Station wise analysis revealed
that macro benthic communities showed highest abundance during the month of August 2009,

September, December and February 2010 in 511 with an average value of 758.33 mo/m”.

In St.2 maximum abundance of organisms were observed during the moths Ccetober
2009, Movember, December, January and February 2010 with an average number of B34
organisms | m". Station 3 showed an average of 671,875 no of organism/m’. Stationd

amended by chemical fertilizers showed the lowest number of organisims.
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Fig. 62 Abundance of muacrobenthic organisms {no/m’} in selected stations of
Padayetts wetland during 2009-2010
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Fig.64 Percentage abundance of crustaceans (no/m’) in selected wetlands of

Padavatti wetland Palakkad during 2009-2010.

The survival and existence of macro benthic community in the study area manly
depends on the seasonal hydrological pattern and agriculiural practices. Dunng the present
study the distribution and abundance of benthic organisms were low during the pre monsoon.
An average of 136.15 no.m™ was observed in St.1, 109.49 in 5.2, B8.157 m 51.3 and 97.05

St.4 respectively.
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Fig. 65 Sesonal distribution of Macro benthic conmumty in selected wetalnds of
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Marobenthos has showed an intimate relation with the climatic and cropping pattern of
the study site. Continuous tilling and weeding practices may be a reason for low benthic
organisms. Organisms were almost nil in months with elevated temperatures. The station with
fertilizer application zones showed lesser abundance of organisms than that of organic zones.
Macro benthic communities in the study area were manly constituted by crustaceans and
annelids. Earth worms dominated among the observed dunng the study period. The number of
organisms in soil is influenced by numerous factors, including soil type, type of fertiliser, crop
rotation, cultivation, climate, ete. Tt is therefore difficull W separate the effects of organic
farming from other factors,

7. Salient Observations

The salient observations dunng the present study from February 2009 to Febroary
2011 indhcate that sml im Padayett: under orgamie cultivation was able to mumtmn marginally
increased concentration of total soil orgamic matter, total and available nitrogen. potassium,
calcium and available phosphorous and pH as compared to the conventional feriilizer systems
The average todal nitfogen concentration was 0.477% in organic and 0.492% in fertilizer
zones, The available nitrogen values showed an elevated concentration of an average
117.09% in organic amended field that of 107.31% in fertilizer zones, Sodium concentration
vaned margimally between orgamc smended (0,485 mg'g) and fertilizer Aelds (0.395mg/g).
The cssential nutrient potassium showed higher concentration of (0.856 mg'z in organic
siations whereas it was 0.492 mg/'g in conventional ferulizer zones: Calcium concentration
varied between 2.B14 in organic and 2.22 mg'g in fertilizer fields. The percentage
composition of organic carbon in the soil also showed an increase in the organic amended
lields with 0.17% to that of 0.592 % in fertilizer lields. The organic matter and energy content
of Padayatt wetland followed a same trend as that of organic carbon.

The benthic community also showed an increased abundance in organic amended
stations with an average of B44no'm’ in organic stations and 313n0'm’ in conventional
fertilizer stations, The increase in benthic organisms cannot be correlated alone with organic
farming because numerous other environmental factors also play a crucial role in their
abundance and diversity. The mean heterotrophic bactenal count also showed an increased
colony forming unil in organic stanons (679698ctu/g) as compared fertihzer stations
(16027 2cfu/g).
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Long term studies from TCalifornia and England in organic and conventionally
managed farming systems have represented higher soil organic matter and total nitrogen with
the use of organic practices (Sean Clark er af 1998; Lockeretz er al, 1981; Alvarez et al.,
1993, Reganold, 1988; Reganold er al, 1993; Drinkwater er af,, 1995). Soil arganic carbon
and total nitrogen in the present study also showed that they were greater in soil amended
with organic manure, as compared with chemical fertilizers. An enhanced soil organic carbon
and total nitrogen in organic fields are dve to high loading of organic carbon and mitrogen and
efficient metabolic activity of microorganisms and physio chemical protection of organic C
and N. Studies comparing soil organically and conventionally managed farming systems have
documented higher soil organic matter (OM) and total nitrogen with the use of Organic
practices (Lockeretz ef al., 1981; Alvarez et al., 1988, 1993; Reganold, 1988; Reganold ef af:
1993, Drinkwater e @l 1995). Increase in soil OM following the transition o organic
management occur slowly, generally taking years 1o detect (Wander er af., 1994; Wemer.
1997), yet can have a dramatic effect on long term productivity (Tiessen ef al: 1994}, Increase
in soil organic matter following the transition to organic management occur slowly taking
several years, 1997) to detect (Wander et al.. 1994; Drinkwater ¢t al., 1995).50il organic
matter {SOM) and organic carbon contains most of the svil reserve of nitrogen {Berry et al,
2002) and large proportions of ather nutrients such as phosphorus (P) etc {Stevenson 19861,
Increased levels of soul organic matter, and hence increased organic reserves of nutrients, are

widely reported for organic systems ( Stockdale er af, 2001,

In the present study, even though considerable vanation could be observed in the
organic and fertilizer fields in the context of soil chemical and biological parameters, however
they were not very much pronounced. It may take considerable time for the organic elements
mainly the microflora to become effective for regulating the quality of the soil. So this time
delay could also be a factor for the low variability of different parameters in certain months of
the study in different stations. Therefore, it is expected that, more pronounced variability of
different parsmeters in the study area would be evolved in the subsequemt periods of the

investigation.

Thetefore, long term sampling and analysis are to be continued in the wetland to arrive

at more definite conclusions.
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